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Multichannel and Multilayer Pharmaceutical Device 
TECHNICAL FIELD 

The field of the invention is that of simultaneously testing many 
compounds for biological/chemical interactions^ In particular, the current 
invention is a device / structure and a method to test drug interactions, 

BACKGROUND OF THE INVENTION 

In the pharmaceutical industry, it is necessary to test the reaction (including 
biological activity) of chemical A to chemicals Bi - - B„, where n can be a 
large number, on the order of millions. 

A popular method is that of providing an array of substances Bj - on a 
plastic card and placing substance A in contact with each of the B„. 
Commercially available plastic card arrays include 96 and 384 wells. The 
well diameters are of the order of few miUimeters. The method of chemical 
placement or dispensing usually is by pipettes. There are computer assisted 
scanners used to type the chemical interactions. 
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Since there are millions of combinations of chemicals to test to exhaust the 
possibilities, it takes years for companies that are involved in drug 
discovery, to bring a successful drug to the market. With the current speed 
of computer assisted scanning devices, it is possible to reduce the drug 
discovery time, for example, by increasing the number of samples scanned 
at a time. This is possible if we can pack more number of wells, for 
example, in a given volume. A larger number of wells in a given volume 
also reduces the amount of costly chemicals to be used in a given well. 

The plastic cards are usually formed by extrusion and the precision of the 
hole diameter and location within the array is not adequate enough to 
fabricate micro holes and channels. This essentially limits the extendability 
of plastic in this field. 

The pharmaceutical industry is searching energetically for micro devices, 
with multiple thousands of wells with diameters of the order of 100 
microns and channels connecting the selective wells at different levels 
within the array. 

SUMMARY OF THE INVENTION 

The invention relates to a ceramic device with micro wells and micro 
channels and a method for formation thereof. 
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A feature of the invention is the fabrication of an array of micro wells and 
micro channels in a ceramic structure by laminating multiple personalized 
green sheets. 

In one aspect of the invention, the open wells and channels are formed by 
individual layer personalization. 

In another aspect, a multi-layer array of wells and channel structure 
contains a set of structures filled with a material that will form channels 
after sintering. 

Yet another feature of the invention is the use of material removal 
techniques to form wells, channels and such apertures, 

Another feature of the invention is the use of a sacrificial material that 
escapes from the ceramic structure during the sintering process. 

Another feature of the invention is the use of a sacrificial material that 
^ leaves no residue after sintering. 

Another feature of the invention is the use of a sacrificial material that 
leaves a residue of a porous structure whose pores are connected after 
sintering. 
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Another aspect of the invention is the use of non-densifiable material 
(inorganic or metal or composites) to form channels in a densifiable matrix. 

Another aspect of the invention is the control of the channel volume during 
sintering process. 

Another aspect of the invention is the use of a material in the channel that 
leaves a coating due to chemical decomposition or vapor phase deposition. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a completed structure after a first version of the process. 
Figures 2-5 show steps in the first process. 

Figure 6 shows a completed structure after a second version of the process. 
Figures 7-10 show steps in the second process. 

DETAILED DESCRIPTION 

Fig. 1 shows a portion of a simplified completed structure according to the 
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invention, having a single horizontal channel 25 formed in a sheet 10-2 
connecting a first vertical aperture 22 formed in sheets 10-1, 10-2 and 10-3 
and a second aperture 24 formed in sheet 10-3. Sheets 10-1 to 10-3 were 
initially separate ceramic greensheets that have been laminated and sintered 
in a conventional process to form ceramic plate 10. In operation, a 
substance may be forced upward through sheet 10-1, diverge and exit in two 
locations in sheet 10-3. Similarly, the flow could be in the opposite 
direction, with two substances entering through two apertures in sheet 10-3, 
combining and exiting through the single opening in sheet 10-1. 

Figure 1 shows a structure formed using 3 green sheets and 1 horizontal 
channel connecting two vertical wells for simplicity in illustration. The 
structure has been assembled from individual sheets by lamination. The 
assembly process is the same for ceramic structures with arrays of thousands 
of holes, with thousands of horizontal channels selectively connected to 
link vertical holes. The ceramic material may include alumina, glass 
ceramic, aluminum nitride, borosilicate glass and glass. The diameter of 
vertical wells can be 20 microns or more, the channel width can be 20 
microns or more and the length can be a minimum of 20 microns. The shape 
of a well exposing a substance may be circular, rectangular, smooth or 
rough. The total thickness of the plate 10 may be any desired amount, but 
preferably is under 1 mm. The thickness of the greensheet depends on the 
application, but preferably ranges from about 3 mils to about 30 mils. 
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The lamination process involves heat, pressure and time. The preferred 
lamination pressure is under 800 psi, the temperature is under 90 deg C and 
for a time of less than 5 minutes. The sintering process involves the material 
of choice and the binder system used to form the greensheets. 

Figs 2 A through 2C show the separate greensheets 10-1, 10-2 and 10-3 that 
have been laminated to form the structure of Fig. 1 . Illustratively, 
horizontal channel 25 has a length greater than twice the diameter of an 
aperture 22 or 24. Illustratively, apertures 22 are about 20 microns or more 
in diameter. The diameter used in fabrication will depend on the particular 
application and technical variables such as the viscosity of the substance 
passing through, the surface tension/activity of the surface and fluid, desired 
flow force, capiUary or forced flow, desired quantity and rate of flow, etc. 

According to the invention, the greensheets are formed from a substance 
such as alumina, glass, ceramic and glass and ceramic. The technique for 
forming vertical apertures and horizontal channels is material removal by 
techniques such as punching the material out including nibbling, laser 
drilling, e-beam drilling, sandblasting and high pressure hquid jets. 

Micromolding by pressing the material to the side and distorting the 
greensheet is not included in the preferred embodiments and will be referred 
to generally as a material displacement technique. Such techniques are 
undesirable, since the desired well and channel position accuracy with 
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respect to each other is very small, e.g. a few microns, and the distortions 
introduced by material displacement techniques are a significant obstacle to 
providing the desired accuracy. 

The fugitive materials for the first embodiment may be any compatible 
organic material such as terepthalic acid, carbon, or other organic materials. 

The materials to form the porous structures in the second embodiment may 
be ceramics such as alumina, glass ceramic, aluminum nitride and 
borosilicate glass, illustratively in a particle size of less than 40 microns. 

The horizontal and vertical apertures may be left open if there is no concern 
that pressures during handling or other operations will distort them, or they 
may be filled with a fugitive material. 

In a first embodiment of the invention, the fugitive material is one that 
leaves no residue after it leaves. The process of removing the fugitive 
material may involve heating it past the boiling or subliming temperature, so 
that the material goes off in vapor form into the ambient; or the technique 
may involve burning or other chemical reaction that combines the molecules 
of the fugitive material with the molecules of a reactant gas to from a 
substance that is a gas and goes into the ambient. The form of the fugitive 
material is preferably one that is easy to apply into the apertures in the 
greensheet, e.g. in the form of a paste. 
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In the second embodiment, the fugitive material is combined with a second 
material that will form a porous structure on being sintered; e.g. a mixture of 
fugitive material in particle form, the particle size being sufficiently large 
that the particles touch in the unfired state. Therefore, a continuous open 
stracture will remain in an open-pore matrix after sintering to permit the 
passage of a test material through the pores from one side of the plate 10 to 
the other. It should also be obvious that the unsintered porous body in the 
channel will allow to form controlled open volume and channel dimensions. 
Also, the unsintered porous body in the channel help from channel collapse 
during sintering process. 

Fig. 6 is a counterpart to Fig. 1 , showing a completed stracture in which 
vertical apertures are open, having been filled with a fugitive material 
before sintering and the horizontal channel has a porous matrix. Horizontal 
channel 225 was filled before sintering with a filler material that is a 
mixture of the fugitive material and a matrix material that sinters to form a 
porous matrix having open pores that permit the passage of a fluid through 
it ifrom vertical aperture 22 to vertical aperture 24. 

Figs 7 A and 7C show greensheets 20-1 and 20-2 filled with the same 
fugitive material 222 used in the previous example. Fig. 7B shows 
greensheet 20-2 with the aperture empty. 

Fig. 8 shows a sublaminate of sheet 20-1 and 20-2. Fig. 9 shows the 
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horizontal aperture having been filled with the filler material 225. 
Illustratively, the material 225 is a blend of the fugitive material with 
particles listed above that will sinter to form an open-pore structure. At the 
designer's option, the vertical passages may also be filled with the porous 
material to achieve a design objective. Fig. 10 shows the final structure 
before sintering. 

Altemative forms of the invention include using a densifiable material for 
the greensheets and filling the openings with a non-densifiable material in 
order to preserve the dimensions of the passages . For example, the matrix 
material may be an inorganic phase like alumina mixed with glass frit for 
densification, whereas the non-densifiable phase in the channel (and or 
holes) could be just larger ceramic particles like alumina. 

Additionally, the material in the passages may be one that forms a non- 
porous sheath on being sintered, so that the passages receive a liner, such as 
that the sheath has altemate surface energy/activity than the matrix material 
/ the body of the plate 10. The material for the sheath can be inorganic, 
metal or composite. The sheath formation may be due to chemical 
decomposition between a first material in the laminate and a second material 
in the filler or in the ambient gas and/or the sheath formation may be due to 
vapor phase deposition. As another option, the liner could be produced by a 
vapor emitted by the filler material that deposits on the walls or reacts with 
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a material contained in the laminate. 

While the invention has been described in terms of a several preferred 
embodiments, those skilled in the art will recognize diat the invention can 
be practiced in various versions within the spirit and scope of the following 
claims. 
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What is claimed is: 

1 . A method of forming a plate (10) for the passage through a set of 
apertures of at least one substance from a first side to a second side 
comprising the steps of: 

forming a plurality of vertical apertures (22) (24) in a first ceramic 
greensheet; 

forming a plurality of horizontal apertures (25) in a second ceramic 
greensheet; 

forming a plurality of vertical apertures (22) (24) in a third ceramic 
greensheet, in which at least some of said horizontal apertures (25) in said 
second greensheet connect an aperture in said first greensheet with an 
aperture in said third greensheet; 

filling at least some of said apertures with a filler material containing a 
fugitive material (222); 

laminating said first, second and third ceramic greensheets together; and 
sintering said first, second and third greensheets, thereby forming said plate 
and releasing said fugitive material. 

2. A method according to claim 1 , in which: 

said steps of forming at least one of said furst, second and third greensheets 
are effected by a material removal technique. 



wo 2004/063103 



PCT/US2003/037693 



1 3. A method according to claim 1 , in which: 

2 said second greensheet is laminated together with one of said first and third 

3 greensheets to form a sublaminate before a further step of filling said 

4 apertures with said fugitive material (222). 

5 4. A method according to claim 1 , in which: 

6 apertures in each of said first, second and third greensheets are filled with 

7 said fugitive material (222) before a step of laminating with another of said 

8 greensheets. 

9 5. A method according to claim 1 , in which: 

10 apertures in at least one of said first, second and third greensheets are not 

1 1 filled with said fugitive material (222). 

12 6. A method according to claim 2, in which: 

13 said fugitive material (222) escapes without leaving a residue during a 

14 sintering process. 

15 7. A method according to claim 3, in which: 

16 said fugitive material (222) escapes without leaving a residue during a 

17 sintering process. 

18 8. A method according to claim 4, in which: 
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3 9. A method according to claim 2, in which: 

4 said filler material (225) filling said apertures is a mixture of a fugitive 

5 material that escapes without leaving a residue during a sintering process 

6 and a matrix material that leaves a porous matrix after said sintering 

7 process. 

8 10. A method according to claim 3, in which: 

9 said filler material (225) filling said apertures is a mixture of a fugitive 

10 material that escapes without leaving a residue during a sintering process 

1 1 and a matrix material that leaves a porous matrix after said sintering 

12 process. 

13 11. A method according to claim 4, in which: 

14 said filler material (225) filling said apertures is a mixture of a fugitive 

15 material that escapes without leaving a residue during a sintering process 

16 and a matrix material that leaves a porous matrix after said sintering 

17 process. 

18 12. A method according to claim 1 , in which: 

19 said fugitive material (222)is selected from the group comprising: 

20 terepthalic acid and carbon. 
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terepthalic acid and carbon. 

13. A method according to claim 9, in which: 

said fugitive material (222) is selected from the group comprising: 
terepthalic acid and carbon; and 

said matrix material is selected from the group comprising: 

ceramics such as alumina, glass ceramic, aluminum nitride, and borosilicate 

glass. 

14. A method of forming a plate for the passage through a set of apertures 
of at least one substance from a first side to a second side comprising the 
steps of: 

forming a plurality of vertical apertures (22) (24) in a first ceramic 
greensheet; 

forming a plurality of horizontal apertures (25) in a second ceramic 
greensheet; 

forming a plurality of vertical apertures (22) (24) in a third ceramic 
greensheet, in which at least some of said horizontal apertures (25) in said 
second greensheet connect an aperture in said first greensheet with an 
aperture in said third greensheet; 

laminating said first, second and third ceramic greensheets together; and 
sintering said first, second and third greensheets. 
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15. A method of forming a plate according to claim 14, in which: 

said steps of forming at least one of said first, second and third greensheets 
are effected by a material removal technique. 

16. A method according to claim 14, in which: 

said second greensheet is laminated together with one of said first and third 
greensheets to form a sublaminate. 

17. A method according to claim 15, in which: 

said second greensheet is laminated together with one of said first and third 
greensheets to form a sublaminate. 
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